OBJECTIVES: To determine the difference in sternal infection and other infectious events between conventional wire and cable-tie-based closure techniques post-sternotomy in a collective of patients after cardiac surgery.
INTRODUCTION
The median sternotomy approach became popular in the early 1960s thanks to Julian et al. [1] and still remains the gold standard approach for cardiac procedures. Although many different sternal closing strategies after conventional cardiac surgery have been presented in the last decades, wire closure still remains the preferred technique despite expected disadvantages such as instability resulting in delayed sternal healing and increased risk of post-sternotomy mediastinitis [2, 3] . Sternal Zipfix™ (ZF) (Synthes GmbH, Oberdorf, Switzerland), a biocompatible poly-etherether-ketone (PEEK) cable-tie-based sternal closure device, was brought on the market in 2010. Reports on its impact on infection after cardiac surgery are still lacking. Nosocomial wound infections after sternotomy are a multifactorial and complex problem, and risk factors for the development of infections have been emphasized by several authors [4, 5] . Sternal dehiscence has been discussed for years to be a reason for infection [6] that can be potentially prevented using sternal ZF that surrounds the sternum through the intercostal space, providing a larger implant-to-bone contact and avoiding bone cut-through especially in patients at risk [7] . We report our clinical experience and the possible related infectious considerations of the cable-tie-based device.
MATERIALS AND METHODS
We performed a retrospective descriptive and comparative study at the University Hospital Basel, Switzerland with the objective of assessing the frequency of wound infection and sternal dehiscence post-sternotomy with regard to the closure technique itself. At our institution, sternotomies are usually closed with five stainless steel wires placed trans-sternally in a figure-of-eight interrupted transverse fashion [6] . Two senior surgeons started to use the sternal ZF closing device in February 2011. Here, we compare the conventional closure with stainless steel wires USP 7 (Fumedica, Reichshof, Germany) with the PEEK-based sternal ZF device with regard to sternal infections. We collected all cardiac operations performed via sternotomy between 1 February 2011 and 31 January 2012. Since the main objective was to assess the incidence of infectious events related to the newly introduced device, we excluded operations for active endocarditis. According to Risnes et al. [8] , sternal infections are usually diagnosed 1 week after operation (between Days 9 and 19) at the earliest, therefore we intentionally decided to exclude patients with an early mortality within 7 days. The sternal ZF system was used at the discretion of the surgeons. Because of anatomical reasons, some patients in the ZF group have received, in addition, one or two wires cranially or/ and caudally as previously described [9] . Thirty-nine patients did not match one of the study groups because of the presence of both closure methods and have therefore been excluded (Fig. 1) .
Infections are recorded up to 12 months after the initial cardiac operation for the national surgical site infection surveillance system Swiss Noso by a dedicated study-nurse of the division for infectious diseases and hospital epidemiology who periodically reported to the cardiac surgery team. Sternal infections are then classified into three categories according to the criteria of Swiss Noso [10] . Due to comparability to international data, we merged deep and organ/space infections into two types of sternal infections:
(i) superficial wound infection, (ii) deep sternal infection including organ/space.
STATISTICAL ANALYSIS
Continuous variables are presented as mean ± standard deviation (SD), categories as absolute numbers and percentage. To minimize bias, continuous variables were generally assumed as nonparametric and compared using Mann-Whitney U-test. Proportions were compared using Fisher's exact test. We used a logistic regression model to predict infection crudely and made adjustments with the inverse probability of treatment (IPT) as weight. The IPT is based on propensity scores derived with the following variables: body mass index (BMI), diabetes, smoking, pulmonary disease, renal impairment, ejection fraction, emergency and type of procedure. To avoid overfit, we included BMI, renal impairment and emergency as suspected confounders into the effect model [11, 12] . We performed a receiver operator characteristics diagram with area-under-the-curve (AUC) analysis to assess overall model fit of the multivariate logistic regression. All P-values and 95% confidence intervals (CIs) are two-sided. The statistical analysis has been conducted on Stata 12 (StataCorp LP, College Station, TX, USA).
RESULTS
A total of 680 patients underwent cardiac surgery via sternotomy at our institution during the defined 1-year period. Ultimately, according to our exclusion criteria, we could compare 95 patients whose sternum was exclusively closed with sternal ZF with 498 patients who were closed with conventional wires (CWs). The mean age of the whole population was 66 years, with 76% of males. A total of 36 patients developed a sternal infection in a same gender proportion as the overall proportion, with 27 males and 9 females.
Concerning preoperative demographics, no major differences were found with regard to the cardiovascular risk factors and the typical influencing factors for sternal infection [13] with the exception of pulmonary disease ( Table 1) .
The perioperative data showed that similar procedures were performed in both groups. Although the CW group had more coronary artery bypass grafting (CABG) the ZF group included more combined procedures including CABG. In total, 73 patients underwent a partial/total replacement of the aortic arch in deep hypothermic circulatory arrest (DHCA) with no difference between groups. Total operation time (skin to skin) was 11 min shorter in the ZF group with otherwise identical perfusion and clamping times on average. The difference of 2% in the intraoperative ejection fraction is statistically significant but clinically irrelevant and can therefore be considered equal (Table 2) .
Postoperative complications as listed in Table 3 were reasonable and definitely similar in both groups with no influence on the intensive care unit (ICU) or the total hospital stay. Of the 2 patients who died within 30 days in the ZF group, only 1 had developed a sternal infection earlier; the other died from a sepsis of abdominal origin and the sternum was never reopened. In the CW group, 6 of 7 patients had their sternum reopened because of infection at the time of death. A trend was observed with less blood products (fresh frozen plasma, thrombocytes and erythrocytes concentrates) given postoperatively (ZF 22%, CW 29%, P = 0.11) and in particular, the need for transfusion was reduced in the ZF group.
The propensity modelling provided excellent overlap and the mean propensity was almost the same in both groups, and the probability intervals for both groups ranged from 0.04 to 0.4, median 0.15 or 0.18, respectively. Thus, we have observed no difference in receiving either ZF or CW. Total infection rate was 6.1% over the 12 months including both superficial wound infections and deep sternal infections, with a total of 36 diagnosed sternal infections (5 in SZ and 31 in CW). The use of ZF did not show significant influence on 'overall' infection (univariable odds ratio [OR]: 0.87, 95% CI: 0.32-2.21, P = 0.72, multivariable OR: 0.067, 95% CI: 0.04-9.162, P = 0.72). The c-statistic indicated that the model fit was compatible with the random one (AUC = 0.685), but as it corresponds very well to the crude OR, we feel safe to interpret this as an evidence against any influence of ZF. In fact, we received the same result for different models, including all independent variables from the propensity model as well as just the treatment and the inverse propensity weights. We ran the same analysis with 'deep' sternal infection as the dependent variable and observed no influence in the analysis (univariable OR: 1.33, 95% CI 0.49-3.63, P = 0.58, multivariable OR: 0.928, 95% CI 0.056-15.25, P = 0.96). Interestingly, of the 5 patients in the ZF group who developed an infection, 2 could keep their sternal closure device in place and only a subcutaneous debridement was performed with successful clinical course afterwards, 2 could be closed later after a vacuum-assisted therapy with either CW or new ZF and only 1 needed a complex closure with a plate osteosynthesis. If the CW patients developed a sternal infection, they remained slightly longer hospitalized (23 ± 28 vs 19 ± 8 days for the ZF group, P = 0.76). No sternal instability was observed with the ZF device, unlike 4/31 patients in the CW group who needed the CW to be tightened up. Further infectious events such as pneumonia, sepsis and other treated infections are depicted in the descriptive statistics in the tables below with regard to the treatment groups (ZF vs CW; Table 4 ) or to the sternal infections (Table 5) .
DISCUSSION
At the time we introduced the new device at our institution, we observed an increase in the infection rate, which made us consider infections potentially related to the device. Before introducing ZF into standard clinical procedures, we conducted this retrospective study to determine the difference in sternal and other infections between CW and cable-tie-based closure techniques post-sternotomy in our collective of patients after cardiac surgery. Our main result shows no influence according to our effect model with regard to the 'overall' sternal infection for the biocompatible PEEK sternal closure device. With a total of 36 diagnosed sternal infections, a separate statistical analysis of either superficial or deep infection alone between both treatment groups is difficult and not reasonable due to the small sample size. From the same perspective, as there was no superficial infection diagnosed in the ZF group, we would be reluctant to state that ZF is protective against superficial infection; hence, we consider the non-significant OR towards 'deep' sternal infection in the ZF group as being due to the relatively small size of our sample.
Nevertheless, we did not succeed in presenting a significant reduction in postoperative sternal infection, which theoretically should be expected by reducing the number of patients with sternal dehiscence followed by secondary infection. Recently, Shaikhrezai et al. [14] described that deep sternal infection may be 
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prevented by using nine or more paired fixation points when closing with standard peristernal wires, which was mostly the case in our CW control group since usually five-steel wires were placed in a figure-of-eight. Even if by ZF only five paired fixation points were anchored for technical reasons (no figure-of-eight possible), we did not observe any sternal instability at the time of diagnosis. In addition, in the 4 cases of the ZF group where mechanical reanimation was required, none developed a sternal instability. Even if this trend of anticipated superiority in terms of complete mechanical stability with potential saving on secondary infections may be stated [15] , as only four dehiscent sterna were observed in 500 CW patients which corresponds to the incidence described by Sharma et al. [16] . A much larger cohort needs to be examined in order to confirm this preliminary result.
One difference observed between the two treatment groups preoperatively was the significantly higher proportion of pulmonary disease in the CW group. On the one hand, data on pulmonary disease are very heterogenous including asthma and chronic obstructive pulmonary disease in the presence or not of a steroid therapy. Indeed, subgroups should be recorded with regard to immunosuppression before drawing a conclusion on such a diversified pathology. On the other hand, 25% (n = 9) of the patients infected had a pulmonary disease vs 22% (n = 120) in the rest of the population, showing that in our cohort, the presence of a pulmonary disease does not influence significantly the development of infection (data not shown). With regard to other infectious events such as pneumonia, sepsis and other nosocomial infections, we did not find any statistical difference between both treatment groups. We confirm that sepsis and the overall rate of treated infections are quite relevant and highly correlate with the sternal infections in our cohort as sepsis and other infections are statistically significant when put in relation to sternal infections. On the contrary, pneumonia and pulmonary disease in general did not statistically influence the development of sternal infection in our collective. Possibly an explanation could be found in the incidence of nosocomial pneumonia, which correlates with the administration of blood products in a dose-dependent manner [17] .
The use of the sternal ZF device is safe. First, with only around 6% of bilateral internal mammary arteries (IMAs) used similarly in both groups, neither the number of re-exploration for bleeding nor the number of patients needing blood products postoperatively was significantly increased in one group even though the placement of the device peristernally could have theoretically more often injured the remaining IMA. Second, pulmonary complications such as a pneumothorax, typically on the right side, as the pleura remains closed for most procedures, were again similar in both groups. Almost identical ICU and overall hospital lengths of stay confirm that patients of both groups did have similar postoperative clinical courses. We could therefore introduce the use of this newly developed device at our institution without increasing the risk of device-related complications when compared with the literature [14, 18] . Concerning the length of stay after sternal infection diagnosis, further information (such as the number of reoperation for instance for the vacuum-assisted therapy, the secondary closing technique, etc.) is needed to analyse the economical implication, which was beyond the scope of our study, but several other groups had already underlined the major impact of sternal wound infections on the economical outcome for hospitals [19] and for the whole care system decades before the introduction of new hospital financing systems [20, 21] such as the diagnosis-related groups policy in several countries [22] .
Although perfusion and clamping time corresponded closely between both groups, the overall operation time was longer in the CW group by more than 10 min, confirming a faster closing technique as postulated in our first work [9] . Indeed, we hypothesized that the time before the CPB is the same in both groups since no differences were observed either in the types of procedures or in the number of patients operated off-pump in both groups. The difference in total operation time is therefore presumably between the end of the CPB and the skin suture. If more time had been spent in homeostasis in one or the other groups, this would have been reflected in the reoperation rate for bleeding or in the number of blood products given on the ICU, which is not the case, as already discussed above. We can therefore assume that the cable-tie-based sternal device allows a non-negligible time saving towards the end of the intervention.
LIMITATIONS
A first limitation lies in the nature of the retrospective study design. Although we have shown non-inferiority of ZF compared with CW in terms of safety issues, the low number of ZF patients hampered the desired proof of generating potentially higher mechanical stability with reduction of secondary infection. The use of the device at the discretion of the surgeons is a second limitation. At the same time, a personal learning curve could have been taken into consideration, particularly in order to better appreciate the postulated time gain [23] . A randomized controlled trial should now be started, preferably multicentric, in order to confirm these results by reducing potential selection bias. Third, the follow-up on infections, was at the time of gathering the data, not yet completed for all patients for 1 year, but for a minimum of 6 months. 
